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(54) CONFIGURATION SUB-SYSTEM FOR TELECOMMUNICATION SYSTEMS

(57) A configuration sub-system (13) comprises: an
input communicatively coupleable to a base station (12);
a test signal generator (206) integrated into the configu-
ration sub-system (13), wherein the configuration
sub-system (13) is configurable between a first mode and
a second mode, wherein in the first mode the configura-
tion sub-system (13) is configured to provide a test signal
generated by the test signal generator (206) to a downlink
path (14), wherein in the second mode the configuration
sub-system (13) is configured to provide an RF downlink
signal that is received via the input from the base station
(12) to the downlink path (13) and deactivate the test
signal generator (206), wherein the configuration
sub-system (13) is configured to provide the RF downlink
signal to the downlink path (14) only in the second mode;
a power measurement device (214, 302, 308) integrated

into the configuration sub-system (13), the power meas-
urement device being configured to: measure a test sig-
nal power of the test signal at a measurement point in
the downlink path, and measure a downlink signal power
of the RF downlink signal at the measurement point; and
a controller (212) configured to normalize signals trans-
mitted using a distributed antenna system via the config-
uration sub-system (13) by adjusting a downlink path gain
for the downlink path (14) based on the test signal power
measured by the power measurement device (214, 302,
308), wherein the distributed antenna system is config-
ured to transmit the RF downlink signal using the down-
link path gain as adjusted by the controller (212).
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provi-
sional Application Serial No. 61/535,060 filed September
15, 2011 and titled "Configuration Sub-System for Dis-
tributed Antenna Systems,".

TECHNICAL FIELD

[0002] The present invention relates generally to tele-
communications and more particularly (although not nec-
essarily exclusively) to a configuration sub-system for a
distributed antenna system or other telecommunication
system.

BACKGROUND

[0003] A telecommunication system, such as a distrib-
uted antenna system ("DAS") servicing one or more cov-
erage areas, can involve different frequency bands and
technologies being used by multiple operators to provide
telecommunications service. These factors can increase
the complexity of commissioning, analyzing, and auto-
mating the operation of a DAS or other telecommunica-
tion system. Commissioning a DAS or other telecommu-
nication system can include installing, configuring, and
calibrating the components of the DAS or other telecom-
munication system. Analyzing a DAS or other telecom-
munication system can include identifying sources of in-
terference with signals communicated via the DAS or oth-
er telecommunication system. A non-limiting example of
such interference can include passive intermodulation
("PIM") products. Automating the operation of a DAS or
other telecommunication system can include automati-
cally normalizing power levels for signals communicated
via the DAS or other telecommunication system such that
signals are radiated in coverage areas or provided to
base stations at specified power levels.
[0004] Current solutions for analyzing, and automating
the operation of a DAS or other telecommunication sys-
tem can involve greater expenditures of time and re-
sources, as well as increased likelihood of error. For ex-
ample, commissioning a DAS can involve manually
measuring the power of a signal at various points along
the network and making manual adjustments to normal-
ize, relative to one another, the losses between the same
signals going to the same remote antenna unit.
[0005] Document WO 2008 088862 A1 discloses a
method and a system for equalizing the signal losses
over cable runs in a Distributed Antenna System (DAS).
In a DAS, two or more antennae are connected to the
system by cable runs that can vary widely in length. As
a result, the signal loss over a given cable run can also
vary widely which can impact the design and deployment
of the DAS and reduce antenna spacing. In addition, for
a broadband DAS that supports many frequency bands

or ranges using a common antenna unit, the signal losses
vary with respect to frequency further making it difficult
to equalize the cable losses. According to one embodi-
ment of the invention, the method and system provide
for measuring and adjusting the signal losses of each
cable run to be a predefined value. According to another
embodiment of the invention, the DAS can include a hy-
brid passive-active antenna unit which includes a fre-
quency multiplexer that separates the signal into frequen-
cy bands or ranges that are connected to an antenna
element associated with a particular frequency band or
range. Where a single frequency band needs to be am-
plified (or attenuated), a single band amplification block
(SBAB) can be inserted in the connection between the
frequency multiplexer and the antenna element to amplify
(or attenuate) the desired frequency band. Where more
than one frequency band need to be amplified (or atten-
uated), a multiband amplification block (MBAB) can be
inserted in the connection between the frequency multi-
plexer and the appropriate antenna element to amplify
(or attenuate) the desired frequency bands.
[0006] Document KR 2002 0041516 A presents a
method for automatically setting up the gain of a repeater
or a radio frequency system is provided to automatically
control the transmitting or receiving gain of a repeater by
measuring the path loss from a donor to each remote
unit using control signals in case that modulated control
data are transmitted and received between the donor and
each remote unit. A donor generates test signals to all
the remote units for several seconds after giving an au-
tomatic gain control routine execution order. Each remote
unit, receiving the test signal, measures the power of the
received signal and calculates the path loss to the donor.
Each remote unit suitably controls the amplification gain
according to the calculated value. If gain control is com-
pleted, each remote unit waits until the donor calls. The
donor calls the remote units in turn and confirms whether
they have completed automatic gain control respectively
[0007] Document US 2003 040329 A1 describes a
method and apparatus that shall allow off-the-shelf
equipment to be installed in a wide range of physical sites
having a wide range of distances between a master sys-
tem unit and each of a plurality of remote units. The mas-
ter system unit has an integrated active combiner/splitter.
The active combiner/splitter provides bi-directional gain
or attenuation in each of the individual inputs/outputs to
allow control of the signal level.
[0008] Document EP 1 081 883 A2 explains that a
booster may control its gain to reduce the adverse effect
of the booster noise on a base station. The booster re-
ceives a perch signal transmitted from a base station;
measures received power of the perch signal at the
booster; receives information about the transmission
power of the perch signal from the base station; and
measures the noise power of the amplified uplink signal
at the booster. It controls the gain of the uplink signal
and/or the gain of the downlink signal in response to the
transmission power of the perch signal of the base sta-
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tion, the received power of the perch signal at the booster,
and the noise power of the amplified uplink signal at the
booster.
[0009] Document US 2011 201269 A1 discloses a
method of monitoring an element in wireless communi-
cation system. An operational noise measurement is ob-
tained by measuring a noise value outside of a bandwidth
of a first device, but within a bandwidth of a second, sub-
sequent device. The operational noise measurement is
alternatively obtained by tuning an input band of the el-
ement to shift the input band partially or completely out-
side of a bandwidth of a first device to create an open
band or by suppressing an input of the antenna and
measuring noise within the open bandwidth of the ele-
ment of the wireless communication network. A stored
parameter is retrieved and compared to the measured
operational noise. Alternatively, a leakage signal of the
element may be received at a signal receiver and com-
pared to a reference.; The reference is a function of com-
ponents of the wireless communication system in a leak-
age path of the leakage signal.
[0010] T. Morten explains, in the chapter 7 titled
"Noise" of the book "Indoor Radio Planning: A Practical
Guide for GSM, DCS, UMTS, HSPA and LTE, Second
Edition", published by John Wiley & Sons, Ltd, Chiches-
ter, UK , XP 055173873, Print ISBN 9780470710708,
Online ISBN: 9781119973225, DOI:
10.1002/9781119973225, pages 295-328 aspects of
noise performance and noise calculations.
[0011] Systems and methods that can reduce the com-
plexity of commissioning, analyzing, and automating the
operation of a DAS or other telecommunication system
are therefore desirable.

SUMMARY

[0012] The subject-matter of the independent claims
is presented. Features of embodiments are also defined
in the dependent claims.
[0013] For example, a configuration sub-system is pro-
vided. The configuration sub-system can include a test
signal generator, a power measurement device, at least
one additional power measurement device, and a con-
troller. The test signal generator can be integrated into
one or more components of a telecommunication system.
The test signal generator can provide a test signal to a
signal path of the telecommunication system. The power
measurement device can be integrated into a component
of the telecommunication system. The power measure-
ment device can measure the power of the test signal (or
any other service signal) at a measurement point in the
signal path traversed by the test signal. The additional
power measurement device can be integrated into an
additional component of the telecommunication system.
The additional power measurement device can measure
the power of the test signal (or any other service signal)
at an additional measurement point in the signal path
traversed by the test signal (or any other service signal).

The controller can normalize signals transmitted via the
telecommunication system by adjusting a path gain for
the signal path based on measurements from the power
measurement device and the additional power measure-
ment device.
[0014] In another example, a method is provided. The
method involves a configuration sub-system providing a
test signal to a signal path in a telecommunication sys-
tem. The method also involves the configuration sub-sys-
tem receiving a power measurement for the test signal
(or any other service signal) at two or more measurement
points in the signal path. The method also involves the
configuration subsystem normalizing signals transmitted
via the telecommunication system by adjusting a path
gain for the signal path based on power measurements
at the two or more measurement points.
[0015] In yet another example, a distributed antenna
system is provided. The distributed antenna system can
include a test signal generator disposed in a base station
router and a controller disposed in the base station router.
The test signal generator can provide a respective test
signal to each of multiple signal paths of the distributed
antenna system. Each of the signal paths can include a
power measurement device integrated into a unit of the
respective signal path and at least one additional power
measurement device integrated into at least one addi-
tional component of the respective signal path. The pow-
er measurement device can measure the power of the
test signal (or any other service signal) at a measurement
point in the respective signal path traversed by the test
signal. The additional power measurement device can
measure the power of the test signal (or any other service
signal) at an additional measurement point in the respec-
tive signal path traversed by the test signal. The controller
can normalize signals transmitted via the distributed an-
tenna system by adjusting a path gain for each signal
path based on power measurements from the power
measurement device and the additional power measure-
ment device.
[0016] In yet another example, a configuration sub-
system is provided. The configuration sub-system in-
cludes a test signal generator, an identification signal
module, and a controller. The test signal generator is
integrated into one or more components of a telecom-
munication system. The test signal generator is config-
ured to provide a test signal to a signal path of the tele-
communication system. The identification signal module
is configured to provide an identification signal with the
test signal. The identification signal identifies a device
from which the identification signal originated. The con-
troller is configured to receive a report from each com-
ponent in the signal path indicating receipt of the identi-
fication signal. The controller is also configured to identify
each component of the signal path reporting receipt of
the identification signal.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

Figure 1 is a block diagram of a base station coupled
to a telecommunication system that has a configu-
ration sub-system according to one aspect.

Figure 2 is a block diagram of a telecommunication
system in which a configuration sub-system can be
disposed according to one aspect.

Figure 3 is a block diagram of a configuration sub-
system disposed in a base station router and a sector
matrix according to one aspect.

Figure 4 is a block diagram of a configuration sub-
system disposed in an optical transceiver and re-
mote antenna unit according to one aspect.

Figure 5 is a flow chart illustrating a process for nor-
malizing signals communicated via a telecommuni-
cation system using a configuration sub-system ac-
cording to one aspect.

Figure 6 is a flow chart illustrating an alternative proc-
ess for normalizing signals communicated via a tel-
ecommunication system using a configuration sub-
system according to one aspect.

Figure 7 is a block diagram of a controller for a sche-
matic diagram of a telecommunication system ac-
cording to one aspect.

Figure 8 is a flow chart illustrating a process for gen-
erating a schematic diagram of a telecommunication
system using an identification signal generated by a
configuration sub-system according to one aspect.

DETAILED DESCRIPTION

[0018] Certain aspects and examples are directed to
a configuration sub-system that can be disposed in a
DAS or other telecommunication system, such as a re-
peater system. Certain aspects can normalize signals
transmitted by a telecommunication system by adjusting
a path gain for the signal path based on measurements
from devices that have measured a test signal (or any
other service signal) at measurement points in the signal
path. The configuration sub-system can include one or
more devices for preparing sectors for distribution to one
or more coverage zones of the DAS or other telecommu-
nication system. A DAS or other telecommunication sys-
tem can include a downlink path for communicating
downlink signals from an RF source (such as, but not
limited to, a base station or repeater) to a remote antenna
unit for radiation to a wireless device in a coverage area
serviced by the remote antenna unit and an uplink path

for communicating uplink signals recovered by a remote
antenna unit to an RF receiver (such as, but not limited
to, a base station or repeater).
[0019] A coverage zone can include a geographic area
to which signal coverage is provided via a DAS or other
telecommunication system. For example, in a DAS, a
coverage zone can be assigned to multiple remote an-
tenna units, each distributing the same RF signals. The
RF signals distributed by the remote antenna units can
be combined signals using multiple technologies, fre-
quency bands, and operators. A sector can include one
or more telecommunication channels to be radiated to
mobile devices in coverage zones or otherwise distribut-
ed to the coverage zones, thereby providing telecommu-
nication capacity in the coverage zones.
[0020] Non-limiting examples of preparing sectors for
distribution to one or more coverage zones can include
conditioning signals received from RF sources (such as,
but not limited to, base stations or repeaters), combining
signals received from multiple RF sources (such as, but
not limited to, base stations or repeaters) from the same
or multiple different operators, mapping sectors to cov-
erage zones, mapping coverage zones to communica-
tion devices in communication with remote antenna units
from one or more coverage zones, and the like. Condi-
tioning signals received from RF sources (such as, but
not limited to, base stations or repeaters) can include
adjusting power levels of the signals such that a telecom-
munication system can communicate the signals with dif-
ferent coverage zones. Combining signals received from
multiple from RF sources (such as, but not limited to,
base stations or repeaters) can include combining sig-
nals transmitted via different technologies within a com-
mon frequency band and/or combining signals from dif-
ferent frequency bands for transmission to a common
coverage zone. Mapping coverage zones to communi-
cation devices can include mapping coverage zones to
remote antenna units and/or master units of a DAS. Pre-
paring sectors for distribution to one or more coverage
zones can also include combining sectors from each op-
erator.
[0021] The configuration sub-system of a DAS or other
telecommunication system can include an intelligent
point of interface ("l-POI") system. A POI system can in-
clude a device or group of devices configured to interface
directly with RF sources (such as, but not limited to, base
stations or repeaters) or a group of RF sources. Such
devices can include (but are not limited to) a signal lev-
eler, a signal attenuator, a signal splitter, a signal com-
biner, a receive-and-transmit signal combiner, a splitter,
a multiplexer, a test-tone generator, an RF power detec-
tor, an RF signal tagging mechanism, and the like. An i-
POI system can provide an intelligent interface for com-
municating with the RF source or group of RF sources.
Providing an intelligent interface can include controlling
the leveling or attenuation based on the RF source signal
conditions. An intelligent interface can also include ana-
lyzing incoming signals and determination of system level
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parameters based on the analysis. An intelligent interface
can also assign a mark, a tag, or other identifier to any
RF signal feed from an external RF source. The mark,
tag, or other identifier can be traced or read by various
components, modules or other devices communicating
the RF signal. The route of each RF signal communicated
via the DAS (or other telecommunication system) can be
traced end-to-end or on any sub-leg. The route of each
RF signal can be used for multiple purposes such as, but
not limited to, assisting in signal cabling, generating a
network schematic, generating a signal/block diagram,
and/or mapping alarms and performance data to the ref-
erenced signal and services. A non-limiting example of
an i- POI system is a base station router including circuitry
for conditioning signals and duplexing signals communi-
cated via a DAS or other telecommunication system.
[0022] The configuration sub-system of a DAS or other
telecommunication system can also include one or more
devices providing frequency band combining and map-
ping of sectors to coverage zones, such as a sector matrix
that includes matrix switches configurable via software.
The configuration sub-system can also include one or
more devices providing operator combining and zone
mapping, such as (but not limited to) a zone combiner.
[0023] The configuration sub-system can normalize
power levels and/or noise levels for signals communicat-
ed via a DAS or other telecommunication system. Nor-
malizing signals can include adjusting the respective
gains of signal paths traversed by signals such that down-
link signals are radiated by remote antenna units at spec-
ified power levels. Normalizing signals can also include
adjusting the respective gains of signal paths traversed
by signals such that uplink signals are provided to base
stations at specified noise levels.
[0024] A non-limiting example of a configuration sub-
system can include a system controller, one or more test
signal generators, and one or more power measurement
devices. In some aspects, the test signal generators can
be integrated within or otherwise disposed in one or more
devices of a DAS or other telecommunication system,
such as (but not limited to) base station routers and re-
mote antenna units. Integrating test signal generators or
other devices in the DAS or other telecommunications
system can include disposing test signal generators or
other devices to be enclosed within one or more commu-
nication devices of the telecommunication system. In oth-
er aspects, the test signal generators can be separate
devices configured to inject test signals at one or more
points of a DAS or other telecommunication system. The
power measurement devices can be disposed in meas-
urement points in a DAS or other telecommunication sys-
tem, such as base station routers, optical transceivers,
and remote antenna units. The system controller can re-
ceive data from other components describing the config-
uration and operation of the DAS or other telecommuni-
cation system. The system controller can also control
other components using control signals communicated
via the control path.

[0025] The test signal generator disposed in the base
station router or other POI system can provide test sig-
nals to one or more signal paths of the DAS or other
telecommunication system, such as the downlink paths
or uplink paths. Power measurement devices can meas-
ure the power of the test signal at different measurement
points in the signal paths. For example, in a downlink
direction, power measurement devices disposed in an
optical transceiver and a remote antenna unit of each
downlink path can measure the power of the test signal
(or any other service signal) at one or more measurement
points in each of the optical transceiver and the remote
antenna unit. In an uplink direction, power measurement
devices disposed in an optical transceiver and a base
station router or other POI system can measure the signal
level of a test signal (or any other service signal) gener-
ated at any point in the uplink path at one or more meas-
urement points in each of the optical transceiver and the
base station router or other POI system. The system con-
troller can configure adjustable attenuators disposed in
one or more components of the signal path (e.g., optical
transceivers, sector matrices, remote antenna units) to
adjust the signal path gains based on the measurements
from the power measurement devices, thereby normal-
izing power levels of the downlink signals and/or noise
levels of the uplink signals. The path gain can be adjusted
based on one or more of a signal level of the test signal
and/or the noise level of the test signal.
[0026] In additional or alternative aspects, the config-
uration sub-system can generate a network schematic
for a DAS or other telecommunication system. To gen-
erate the network schematic, the configuration subsys-
tem can provide an identification signal (such as, but not
limited to, an RF-Tag) with a signal communicated via
the telecommunication system. The identification signal
can be identified by a particular device and port, such as
(but not limited to) a base station router, as the origin of
the signal. Each component in a signal path (e.g., each
optical transceiver, splitter, and remote antenna unit) can
decode the identification signal, report to the system con-
troller that the component has received the identification
signal, report to the system controller the route through
which the signal is travelling through the component, and
identify the component to the system controller. The sys-
tem controller can determine, based on the reports, which
components are included in a signal path and the con-
nections between the components. The system control-
ler can thereby generate a network schematic diagram
and/or a net-list describing the connectivity of the DAS
or other telecommunication system. The system control-
ler can also verify whether the actual configuration and
cabling of the DAS or other telecommunication system
is in accordance with a desired configuration and cabling
provided to the system controller. The system controller
can also use an identification signal (such as, but not
limited to, an RF-Tag) to monitor and report a break in
the cabling, a change to the cabling, or other manipulation
of the cabling.
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[0027] The system controller can compare the network
schematic or net-list automatically generated using one
or more identification signals with a user-generated net-
work schematic or net-list provided as input to the system
controller to identify faults in the system, such as cabling
errors or malfunctioning components. In additional or al-
ternative aspects, the system controller can generate a
cabling instructional interface from a network schematic.
The cabling instructional interface can include step-by-
step instructions for installing cables between devices in
the DAS or other telecommunication system. The cabling
instruction can also use visual and/or acoustical indica-
tors on the platform or module to guide the user though
the cabling (cable for signal source to signal termination)
on a step-by-step basis.
[0028] In additional or alternative aspects, generating
the network schematic can also include correlating sys-
tem components with a specific operator, frequency
band, technology, sector, and coverage area. The sys-
tem controller can use the correlation to distribute rele-
vant alarms to a specific operator, to indicate affected
services and coverage area caused by an alarm, and to
reconfigure remote antenna units surrounding an affect-
ed coverage area to mitigate the loss of service identified
by the alarm. In some aspects, service-level alarming
can be based at least in part on the identification signal
(RF-Tag). Each identification signal can include a unique
identifier. The system controller or other intelligence in a
telecommunication system can determine that the
unique identifier is associated with respective alarms and
components or modules. The system controller can de-
velop correlations between an alarm, a signal identifier
and service, a sector, and/or an operator. Alarms can
thus be filtered based on any of the criteria included in
the correlation. For example, an alarm may be operator-
selective or service-selective. In additional or alternative
aspects, the system controller or other intelligence can
identify multiple alarms with respect to the same signal
path and determine a root cause for the multiple alarms.
The system controller also provide additional information
for trouble shooting.
[0029] In additional or alternative aspects, the config-
uration sub-system can measure PIM products generat-
ed by the undesirable mixing of signals in the DAS. In
some aspects, the configuration sub-system can include
a test signal generator. The test signal generator can
provide two test signals to the downlink path. The fre-
quencies of the test signals can be selected such that
the mixing of the signals generates one or more PIM prod-
ucts. For example, the configuration sub-system can use
test signals generating PIM products at frequencies in
the uplink frequency bands. In other aspects, test signal
generators from each of two devices in a DAS or other
telecommunication system can provide test signals to a
downlink path to simulate different combinations of PIM
products at frequencies in different frequency bands. The
power measurement devices in the downlink path and/or
the uplink path can detect and measure the power of any

PIM products generated by the mixing of the test signals
at non-linear interfaces within the DAS.
[0030] In additional or alternative aspects, the config-
uration sub-system can minimize the overlap in signal
coverage (i.e., the "soft handover area") between sectors
in a coverage zone. A test signal generator in a telecom-
munication system can transmit a test signal to be radi-
ated by a remote antenna unit of the telecommunication
system. The test signal generator in a telecommunication
system can be disposed in the remote antenna unit or in
another component of the telecommunication system.
The overlap in signal coverage between adjacent remote
antenna units can be determined by measuring the re-
ceived signal strength of the test signal at adjacent re-
mote antenna units. The received signal strength can be
measured using the power measurement device at each
remote antenna unit. The system controller can receive
the power measurements from the remote antenna units.
The system controller can configure the remote antenna
units to adjust their respective output powers based on
an algorithm to minimize the overlap in signal coverage.
[0031] In additional or alternative aspects, the config-
uration sub-system can include one or more devices for
measuring the power of extraneous or other external sig-
nals in coverage zone. Measuring the power of extrane-
ous or other external signals in coverage zones can pro-
vide additional information for optimizing output power
levels of one or more remote antenna units provide signal
coverage in a coverage zone. For example, output power
can be reduced based on measurements of low signal
power associated with extraneous signals in a coverage
zone.
[0032] In additional or alternative aspects, the config-
uration sub-system can include one or more devices for
measuring signal quality data for signals communicated
via the DAS or other communication system. Signal qual-
ity data can include data describing one or more charac-
teristics of signal paths such as (but not limited to) signal
latency, service response time, loss, signal-to-noise ratio
("SNR"), carrier-to-noise ratio ("CNR") cross-talk, echo,
interrupts, frequency response, loudness levels. Signal
quality data can be used to optimize or otherwise modify
uplink and downlink gains. For example, a noise floor
can be biased in favor of one remote antenna unit over
other remote antenna units to provide a higher CNR for
a given operator.
[0033] In additional or alternative aspects, the config-
uration sub-system can include one or more test signal
generators configured to generate test signals for each
service-signal on the system. The test signals can be
transmitted to one or more remote antenna units via the
same signal path as a corresponding service signal. A
portable measurement receiver can identify which re-
mote antenna units are radiating respective service-sig-
nals. A non-limiting example of a test signal is a coded
signal modeling a signal from an RF source, such as a
base station. The coded test signal can include identifiers
for a base station and a sector. Standard receiver devices
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can read, decode, and display the identifiers, thereby al-
lowing for verification of sectorization.
[0034] In additional or alternative aspects, a test signal
generator can provide a test signal (coded or non-coded)
to verify signal quality and integrity throughout an entire
signal path and/or at one or more component of the signal
path. The system controller can verify signal quality
based on characteristics of the test signals communicat-
ed via the DAS or other communication system.
[0035] Detailed descriptions of certain examples are
discussed below. These illustrative examples are given
to introduce the reader to the general subject matter dis-
cussed here and are not intended to limit the scope of
the disclosed concepts. The following sections describe
various additional aspects and examples with reference
to the drawings in which like numerals indicate like ele-
ments, and directional descriptions are used to describe
the illustrative examples but, like the illustrative exam-
ples, should not be used to limit the present invention.
[0036] Figure 1 depicts a configuration sub-system 13
disposed in a telecommunication system 10 in commu-
nication with a base station 12. The telecommunication
system 10 in Figure 1 also includes a downlink path 14
and an uplink path 16. Uplink signals from different re-
mote antenna units can be combined at an optical trans-
ceiver or other master unit. The configuration sub-system
13 can perform system leveling and compensation for
signal losses in each component of the telecommunica-
tion system 10. The configuration sub-system 13 can also
generate a network schematic of the telecommunication
system 10 and identify configuration faults in the tele-
communication system 10 (e.g., cabling errors and mal-
functioning components) using the generated network
schematic.
[0037] Figure 2 depicts an exemplary telecommunica-
tion system 10. A non- limiting example of a telecommu-
nication system 10 is a DAS. The telecommunication sys-
tem 10 can include base station routers 112a-n in com-
munication with base stations 12a-n and a sector matrix
114. The telecommunication system 10 can also include
the optical transceivers 118a-d in communication with
the zone combiners 116a, 116b and the remote antenna
units 120a-h. The telecommunication system 10 can be
positioned in an area to extend wireless communication
coverage.
[0038] In the direction of a downlink path 14, the tele-
communication system 10 can receive signals from the
base stations 12a-n via a wired or wireless communica-
tion medium. Downlink signals can be received by the
base station routers 112a-n. Downlink signals are signals
at frequencies in a downlink frequency band provided
from a base station to a remote antenna unit for radiation
to wireless devices. A base station router can include
one or more components in communication with carrier
systems, such as the base stations of cellular service
providers. A non-limiting example of a base station router
can include an intelligent base transceiver station ("BTS")
router. The base station routers 112a-n can intelligently

interface signals between the base stations 12a-n and
the other components of the telecommunication system
10. The base station routers 112a-n can provide the
downlink signals to the optical transceivers 118a-d via
the sector matrix 114 and the zone combiners 116a,
116b.
[0039] The sector matrix 114 can combine signals at
frequencies in different frequency bands to be provided
to a common coverage zone and can combine signals
communicated using different technologies within a com-
mon frequency band. The sector matrix 114 can map
sectors to coverage zones using a switch matrix. A cov-
erage zone can be a specific coverage area assigned to
one or more remote antenna units. Each remote antenna
unit in a coverage zone can receive and radiate the same
downlink signal. A sector can represent an amount of
telecommunication capacity that can be allocated to wire-
less devices in one or more coverage zones. A sector
can include one or more analog RF channels or digital
signals representing RF channels, signals in one or more
analog or digital RF bands, and/or one or more multiple-
input and multiple-output ("MIMO") data streams. The
switch matrix can be configured via software, obviating
the need to modify the mapping of sectors to coverage
zones via physical hardware changes.
[0040] The sector matrix 114 can also perform intra-
band combining and inter- band combining of downlink
signals. Intra-band combining can include combining sig-
nals transmitted via different technologies within a com-
mon frequency band. Inter- band combining can also in-
clude combining signals from different frequency bands
for transmission to a common coverage zone.
[0041] In additional or alternative aspects, the sector
matrix 114 can be omitted. A splitter/combiner of the dis-
tributed antenna system having a variable attenuator can
be used to perform one or more functions of the sector
matrix 114.
[0042] The zone combiners 116a, 116b can combine
signals from different operators to be provided to a com-
mon coverage zone. An operator can be a telecommu-
nication provider that provides signals to the DAS via one
or more base stations 12a-n. Each operator can inde-
pendently configure sectors associated with the operator
according to the capacity needs of the operator and the
number of coverage zones provided by the DAS. The
zone combiners 116a, 116b can also map coverage
zones to optical transceivers.
[0043] The zone combiners 116a, 116b can also map
sectors to coverage zones. In some aspects, a one-to-
one mapping of sectors to coverage zones can be used.
In other aspects, a single sector can be mapped to mul-
tiple coverage zones. Different operators communicating
via a telecommunication system can independently con-
figure sectors associated with the operator according to
capacity needs and constraints of the number of cover-
age zones of the telecommunication system.
[0044] The optical transceivers 118a-d can communi-
cate with the zone combiners 116a, 116b via any com-
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munication medium capable of carrying signals between
the zone combiners 116a, 116b and the optical trans-
ceivers 118a-d. Non- limiting examples of a suitable com-
munication medium include copper wire (such as a co-
axial cable), optical fiber, and microwave or optical link.
[0045] The optical transceivers 118a-d can provide
downlink signals to and receive uplink signals from the
remote antenna units 120a-h. Uplink signals are signals
at frequencies in an uplink frequency band that are re-
covered by a remote antenna from wireless devices. Up-
link signals can include signals received from wireless
devices in the coverage zones serviced by the remote
antenna units 120a-h. The remote antenna units 120a-
h can communicate with the optical transceivers 118a-d
via any communication medium capable of communicat-
ing signals between the optical transceivers 118a-d and
the remote antenna units 120a-h. Non-limiting examples
of a suitable communication medium include optical fiber
optical link. The remote antenna units 120a-h can radiate
the signals of the sector(s) distributed to the coverage
zones servicing a physical area. In some aspects, a re-
mote antenna unit can provide downlink signals to one
or more antennas via a cable, such as a coaxial cable,
and a power divider.
[0046] Although Figure 2 depicts optical transceivers
in communication with remote antenna units, any suitable
communication device can communicate signals to the
remote antenna units 120a-h. For example, other master
units can communicate with the remote antenna units
120a-h via communication media such as (but not limited
to) copper wire (such as a coaxial cable) and microwave
links.
[0047] In the direction of an uplink path 16, the base
station routers 112a-n can receive uplink signals from
remote antenna units 120a-h via the optical transceivers
118a-d, the zone combiners 116a, 116b, and the sector
matrix 114.
[0048] Although Figure 2 depicts a telecommunication
system 10 having two zone combiners 116a, 116b, four
optical transceivers 118a-d, and eight remote antenna
units 120a-h, a telecommunication system 10 can include
any number of zone combiners, optical transceivers,
and/or remote antenna units. Although Figure 2 depicts
each of the optical transceivers 118a-d communicating
with two remote antenna units, an optical transceiver can
communicate with any number of remote antenna units
(including one).
[0049] A configuration sub-system 13 can be disposed
in the telecommunication system 10 depicted in Figure
2. One or more components of the configuration subsys-
tem 13 can be disposed in one or more of the components
of the telecommunication system 10. For example, Fig-
ure 3 depicts an aspect of a base station router 112 and
a sector matrix 114 in which a configuration sub-system
13 can be disposed. The base station router 112 can
include components of the configuration sub-system 13
such as a duplexing module 202, a conditioning module
204, a test signal generator 206, a processor 208, a con-

troller interface 210, a power measurement device 214,
and an identification signal module 216. The sector ma-
trix 114 can include components of the configuration sub-
system 13 such as a controller interface 218, a processor
220, and attenuators 222a, 222b. Although the base sta-
tion router 112 is depicted as having a single downlink
path 14 and a single uplink path 16, the base station
router 112 can include any number of uplink and downlink
paths, including one of each.
[0050] The configuration sub-system 13 can also in-
clude a system controller 212 that can communicate with
and control all components of the configuration sub-sys-
tem 13 in the telecommunication system 10. The base
station router 112 can communicate with the system con-
troller 212 via the controller interface 210. The sector
matrix 114 can communicate with the system controller
212 via the controller interface 218. Non- limiting exam-
ples of a controller interface can include a modem or
Ethernet interface. The system controller 212 can con-
figure the components of the configuration subsystem
13. An example of a system controller 212 is a Peripheral
Interface Controller ("PIC"). The system controller 212
can communicate with components of the configuration
sub-system 13 disposed elsewhere in the telecommuni-
cation system 10 (e.g., in the optical transceivers, the
remote antenna units, etc.) via a control path. The control
path can be any communication medium suitable for
wired or wireless communication between components
of the configuration sub-system 13. Non-limiting exam-
ples of a suitable communication medium include copper
wire (such as a coaxial cable), optical fiber, and micro-
wave or optical link. The system controller 212 can con-
figure components of the configuration sub-system 13
using control signals communicated via the control path.
[0051] The duplexing module 202 can provide a com-
mon port connecting the downlink path 14 and uplink
path 16. Duplexing module 202 can include, for example,
one or more splitter-combiners or duplexers. The duplex-
ing module 202 can receive signals from a base station
and split the downlink signals to be transmitted from the
uplink signals to be provided to the base station. The
duplexing module 202 can provide downlink signals to
downlink path 14. The duplexing module 202 can receive
uplink signals from the conditioning module 204.
[0052] The conditioning module 204 can condition
downlink signals received from a base station and uplink
signals provided to a base station. Conditioning signals
received from base stations can include adjusting power
levels of the signals such that a telecommunication sys-
tem can communicate the signals with different coverage
zones. For example, conditioning downlink signals can
include attenuating the power of downlink signals re-
ceived from one or more of the base stations 12a-n. Con-
ditioning uplink signals can include amplifying or attenu-
ating the power of uplink signals provided to one or more
of the base stations 12a-n. The conditioning module 204
can include one or more attenuators and/or one or more
amplifiers. Conditioning downlink signals and/or uplink
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signals can provide an auto-leveling feature for the con-
figuration subsystem 13. In some aspects, signals may
be de-duplexed or otherwise separated to provide sep-
arate signal paths for the downlink signals and uplink
signals communicated via the DAS or other telecommu-
nication system.
[0053] The base station router 112 can also include
the identification signal module 216. The identification
signal module 216 can be disposed in one or more de-
vices in the telecommunication system 10. The identifi-
cation signal module 305 is coupled to the downlink path
14 via low/high path filter 224a and coupled to the uplink
path 16 via low/high path filter 224b. The identification
signal module 216 can be disposed in one or more of the
base station routers 112a-n, as depicted in Figure 3. In
additional or alternative aspects, identification signal
modules can be disposed in one or more of the optical
transceivers 118a-d, as described below with respect to
Figure 4. The processor 208 can configure the identifi-
cation signal module 216 to add an identification signal
to each unique signal communicated via the telecommu-
nication system 10, such as (but not limited to) unique
downlink signals received from each base station or
unique uplink signals communicated via each optical
transceiver.
[0054] In some aspects, the identification signal mod-
ule 216 can include a signal generator and combiner,
such as (but not limited to) a summer, for generating the
identification signal and combining the identification sig-
nal with downlink signals traversing the downlink path
14. In some aspects, the identification signal can be a
tone having a low frequency, such as 1 -5 kHz. In other
aspects, the identification signal can be encoded and
transmitted at a frequency not used by any operator com-
municating signals via the telecommunication system 10.
The identification signal can identify that a downlink sig-
nal was provided to a downlink path from the specific
base station router 112. For example, an identification
signal can include a unique hardware identifier for a base
station router 112 generating the identification signal.
[0055] The test signal generator 206 can provide test
signals for normalizing downlink signals traversing the
downlink path 14. The test signal generator 206 can pro-
vide a test signal to the downlink path 14 via a coupler.
The test signal generator 206 can be, for example, an
analog signal generator capable of producing continuous
wave tones. The test signal generator 206 can be con-
figured by the processor 208. The processor 208 can be,
for example, a PIC. The processor 208 can receive con-
trol signals from the system controller 212 via the con-
troller interface 210. The control signals can specify the
frequency and power of the test signal.
[0056] The power measurement device 214 can meas-
ure the power level of a signal traversing the downlink
path 14 via a coupler. In the uplink path 16, the power
measurement device 214 can measure the signal level
of test signals used to normalize uplink signals traversing
the uplink path 16 and/or measure the noise level of up-

link signals traversing the uplink path 16 via a coupler or
switch. An example of a power measurement device 214
is a received signal strength indicator ("RSSI") detector.
[0057] The attenuators 222a, 222b of the sector matrix
114 can respectively attenuate downlink signals travers-
ing the downlink path 14 and/or uplink signals traversing
the uplink path 16. The amount of attenuation by atten-
uator attenuators 222a, 222b can be controlled by the
processor 220 in response to control signals received
from the system controller 212 via the controller interface
218.
[0058] Although Figure 3 depicts the base station rout-
er 112 having the conditioning module 204, the test signal
generator 206, the power measurement device 214, and
the identification signal module 216, other configurations
are possible. In additional or alternative aspects, one or
more of the conditioning module 204, the test signal gen-
erator 206, the power measurement device 214, and the
identification signal module 216 can be included in the
sector matrix 114.
[0059] The configuration sub-system 13 can also be
disposed in one or more other components of the tele-
communication system 10. For example, Figure 4 depicts
an aspect of the configuration sub-system 13 disposed
in an optical transceiver 118 and a remote antenna unit
120. Components of the configuration sub-system 13 dis-
posed in the optical transceiver 118 can include the pow-
er measurement device 302, the processor 304, the iden-
tification signal module 305, the controller interface 306,
and the attenuators 324a, 324b. Components of the con-
figuration sub-system 13 disposed in the remote antenna
unit 120 can include the power measurement device 308,
the processor 310, the controller interface 312, the test
signal generator 314, and the attenuators 324c, 324d.
The remote antenna unit 120 can also include the power
amplifier 316, the isolation sub-system 318, the low noise
amplifier 320, and an antenna 322. In additional or alter-
native aspects, the attenuator 324c can be included in
the power amplifier 316. In additional or alternative as-
pects, the attenuator 324d can be included in an optical
module of the remote antenna unit 120.
[0060] The remote antenna unit 120 can receive down-
link signals via the downlink path 14 and provide uplink
signals via the uplink path 16. The isolation subsystem
318 can isolate downlink signals traversing the downlink
path 14 and transmitted via the antenna 322 from uplink
signals traversing the uplink path 16 and recovered via
the antenna 322. The isolation sub-system 318 can be,
for example, a duplexer.
[0061] In a downlink direction, the power measurement
devices 302, 308 can measure the power of test signals
used to normalize downlink signals traversing the down-
link path 14. The power measurement devices 302, 308
can measure the power of a downlink test signal provided
by the test signal generator 206. The power measure-
ment device 302 can measure the power of the downlink
test signal at the input of the optical transceiver 118. The
power measurement device 302 can provide the power
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measurement to the processor 304. The processor 304
can communicate the power measurement to the system
controller 212 via the controller interface 306. The power
measurement device 308 can measure the power of the
test signal via a coupler positioned at the output of the
power amplifier 316 of the remote antenna unit 120. In
some aspects, the power measurement device 308 can
also measure the power of the test signal via a coupler
positioned at the antenna port of the isolation sub-system
318, as depicted in Figure 4. In other aspects, an addi-
tional power measurement device can also measure the
power of the test signal via a coupler positioned at the
antenna port of the isolation sub-system 318. The power
measurement device 308 can provide the power meas-
urement to the processor 310. The processor 310 can
communicate the power measurement to the system
controller 212 via the controller interface 312.
[0062] The processor 304 can configure the identifica-
tion signal module 305 to measure the identification sig-
nals which are transmitted by identification signal module
216 via the uplink path 16 and downlink path 14 . The
identification signal module 305 is coupled to the down-
link path 14 via low/high path filter 328a and coupled to
the uplink path 16 via low/high path filter 328b. Aspects
of the identification signal module 305 can include a sig-
nal receiver and splitter for receiving the identification
signal and splitting the identification signal from downlink
signals traversing the downlink path 14 or uplink signals
traversing the uplink path 16. In some aspects, the iden-
tification signal can be a tone having a low frequency,
such as 1 -5 kHz. In other aspects, the identification signal
can be encoded and transmitted at a frequency not used
by any operator communicating signals via the telecom-
munication system 10. The identification signal can iden-
tify that an uplink signal was provided to an uplink path
from a specific optical transceiver 118. For example, an
identification signal can include a unique hardware iden-
tifier for an optical transceiver 118 generating the identi-
fication signal.
[0063] The test signal generator 314 can provide test
signals for normalizing uplink signals traversing the up-
link path 16. The test signal generator 314 can provide
an input test signal to the uplink path 16 via a coupler at
an uplink input to the isolation sub-system 318. The test
signal generator 314 can be, for example, an analog sig-
nal generator capable of producing continuous wave
tones. The test signal generator 314 can be configured
by the processor 310. The processor 310 can configure
the test signal generator 314 to increase the power and/or
change the frequency of the input test signal in response
to control signals received from the system controller 212
communicated via the controller interface 312.
[0064] In some aspects, a digital signal generator and
measurement receiver ("dSMR") 330, can be coupled to
each optical transceiver 118 via a switch matrix 332. The
switch matrix 332 can be coupled to the downlink path
14 and the uplink path 16 via non-directional probes. The
dSMR 330 can include a continuous wave generator, a

demodulation function, and a decoding function. The sys-
tem controller 212 can be communicatively coupled to
the dSMR 330 and the switch matrix 332. The system
controller 212 can control communication between the
dSMR 330 and the optical transceivers via the switch
matrix 332.

Normalizing Signals Communicated via the DAS

[0065] The system controller 212 can normalize the
power of signals traversing the downlink path 14 and the
uplink path 16 using one or more of the conditioning mod-
ule 204, the attenuators 324a-d and the attenuators
222a, 222b included in the sector matrix 114. In some
aspects, different signals may require different power lev-
els and/or noise levels due to different capacity require-
ments for different operators in a given coverage area or
due to differences in the technology used to communi-
cate signals via a DAS or other telecommunication sys-
tem.
[0066] Figure 5 depicts a flow chart illustrating a proc-
ess 400 for normalizing signals communicated via a tel-
ecommunication system 10 according to one aspect. The
process 400 is described with reference to the telecom-
munication system 10 depicted in Figure 2 and the sys-
tem implementation of the configuration sub-system 13
depicted in Figures 3 and 4. Other implementations and
processes, however, are possible.
[0067] In block 410, a test signal is provided to each
signal path in the telecommunication system 10. In some
aspects, the configuration sub-system 13 provides the
test signal. In other aspects, a base station in communi-
cation with the telecommunication system 10 provides a
downlink test signal that can be used for normalization.
The test signal can traverse each signal path between a
base station router 112 and a remote antenna unit 120.
In a downlink direction, the test signal generator 206 can
provide a test signal to the downlink path 14 at the base
station router 112. In an uplink direction, the test signal
generator 314 can provide a test signal to the uplink path
16 at the remote antenna unit 120.
[0068] In block 420, the configuration sub-system 13
measures the power and/or signal level of the test signal
at two or more measurement points in the signal path. In
a downlink direction, the power measurement device 302
can measure the power of the test signal at the input of
the optical transceiver 118 and the power measurement
device 308 can measure the power of the test signal at
the output of the power amplifier of the remote antenna
unit 120. In an uplink direction, the power measurement
device 302 can measure the signal level of the test signal
and/or the noise level at the output of the optical trans-
ceiver 118 and the power measurement device 214 can
measure the signal level of the test signal and/or the noise
level at the input of the base station router 112.
[0069] In block 430, the configuration sub-system 13
adjusts the gain of each signal path to normalize signals
traversing each signal path based on the power meas-
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urements at the two or more measurement points. The
system controller 212 can determine at which points in
the respective signal paths to adjust the gain.
[0070] In some aspects, normalizing the signals can
include balancing the power levels of downlink signals
communicated via one or more downlink paths. For ex-
ample, in a downlink direction, the system controller 212
can receive the power measurements from power meas-
urement devices 302, 308 to determine the signal power
loss in the downlink path 14. The system controller 212
can provide control signals to the processors 208, 220,
310 via the controller interfaces 210, 218, 312. The con-
trol signals can cause the processors 208, 220, 310 to
adjust the gain of the base station router 112, the sector
matrix 114, and/or the remote antenna unit 120 via the
conditioning module 204 and/or the attenuators 222a,
224a, 324c, respectively.
[0071] In other aspects, normalizing the signals can
include balancing noise levels of uplink signals commu-
nicated via uplink paths. For example, in an uplink direc-
tion, the system controller 212 can receive the power
measurements from power measurement devices 214,
302 to determine the noise levels at the measurement
points in the uplink path 16. The system controller 212
can provide control signals to processors 208, 304 via
controller interfaces 210, 306. The control signals can
cause the processors 208, 304 to adjust the uplink gain
of base station router 112 and/or the optical transceiver
118 via the conditioning module 204 and/or the attenu-
ator 324b, respectively. The uplink gain of base station
router 112 and/or the optical transceiver 118 can be ad-
justed to balance the noise level of the uplink signal tra-
versing an uplink path. Balancing the noise level of the
uplink signal can include preventing noise in the uplink
signal from corrupting other uplink signals from other up-
link paths. Corrupting an uplink signal can include over-
driving one or more devices of the telecommunication
system 10 such that information transmitted via the uplink
signal is lost or otherwise degraded. For example, com-
bining an uplink signal having an excessive noise level
with other uplink signals at a combining device, such as
(but not limited to) a summer, can corrupt one or more
of the other uplink signals.
[0072] In some aspects, when base stations are pro-
viding downlink signals to the downlink path 14, the con-
figuration sub-system 13 can deactivate the test signal
generator 206 after executing blocks 420 and 430. The
system controller 212 can determine the power level of
signals provided from the base stations. The system con-
troller 212 can cause the base station router 112 to con-
figure the conditioning module 204 to attenuate downlink
signals from one or more of the base stations 12a-n to a
power level specified for the telecommunication system
10.
[0073] Figure 6 depicts a flow chart illustrating an al-
ternative process 500 for normalizing signals communi-
cated via a telecommunication system 10 a DAS accord-
ing to one aspect. The process 500 is described with

reference to the telecommunication system 10 depicted
in Figure 2 and the system implementation of the config-
uration subsystem 13 depicted in Figures 3 and 4. Other
implementations and processes, however, are possible.
[0074] In block 510, the configuration sub-system 13
provides test signal from each base station router to each
downlink path. For example, the system controller 212
can provide a control signal to a processor 208 of a base
station router 112 via a controller interface 210. The con-
trol signal can specify an output power and frequency for
the test signal, such as (but not limited to) 11 dBm. The
processor 208 can configure the test signal generator
206 to provide a test signal having the specified output
power and frequency.
[0075] In block 520, the configuration sub-system 13
measures the signal power at an input of one or more
optical transceivers and one or more remote antenna
units associated with each base station router. For ex-
ample, in a downlink direction, the power measurement
device 302 can measure the power of the test signal at
the input of the optical transceiver 118 and the power
measurement device 308 can measure the power of the
test signal at the output of the power amplifier and/or at
the antenna port of the remote antenna unit 120.
[0076] In block 530, the configuration sub-system 13
modifies the attenuation of the sector matrix 114 based
on a power imbalance between base station routers as-
sociated with a common coverage zone. For example,
the system controller 212 can provide a control signal to
a processor 220 of the sector matrix 114 via the controller
interface 218. The processor 220 can configure the at-
tenuators 222a, 222b based on the control message.
[0077] In block 540, the configuration sub-system 13
modifies the attenuation of one or more base station rout-
ers based on the input power of the optical transceivers
associated with each base station router. For example,
the system controller 212 can provide a control signal to
a processor 208 of a base station router 112 via a con-
troller interface 210. The processor 220 can configure
the conditioning module 204 based on the control mes-
sage.
[0078] In block 550, the configuration sub-system 13
modifies the signal gain of one or more remote antenna
units based on a predetermined output power for the one
or more remote antenna units. For example, the system
controller 212 can provide a control signal to a processor
310 of a remote antenna unit 120 via a controller interface
312. The processor 310 can configure one or more of
the attenuators 324c, 324d based on the control mes-
sage.
[0079] In block 560, the configuration sub-system 13
compensates for any imbalance in one or more cables
connecting base stations 12a-n to base station routers
112a-n. For example, the configuration subsystem 13
can compensate for any imbalance by configuring the
conditioning module 204 by providing a control signal to
a processor 208 of a base station router 112 via a con-
troller interface 210. The control signal can specify an
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amount of gain adjustment or attenuation for uplink sig-
nals and/or downlink signals communicated via the base
station router 12. The processor 208 can configure the
conditioning module 204 based on the control signal.

Network Schematic Generation

[0080] In additional or alternative aspects, the config-
uration sub-system can generate a network schematic
for the telecommunication system 10. Figure 7 depicts a
block diagram of a system controller 212 for generating
the network schematic. The system controller 212 can
include a processor 602 that can execute code stored on
a computer-readable medium, such as a memory 604,
to cause the system controller 212 to generate the net-
work schematic. Examples of processor 602 include a
microprocessor, a PIC, an application-specific integrated
circuit ("ASIC"), a field- programmable gate array ("FP-
GA"), or other suitable processor. The processor 602
may include one processor or any number of processors.
[0081] The processor 602 can access code stored in
memory 604 via a bus 606. The memory 604 may be any
non-transitory computer-readable medium capable of
tangibly embodying code and can include electronic,
magnetic, or optical devices. Examples of memory 604
include random access memory ("RAM"), read-only
memory ("ROM"), magnetic disk, an ASIC, a configured
processor, or other storage device. Although Figure 7
depicts the memory 604 as included in the system con-
troller 212, the memory 604 can additionally or alterna-
tively be accessed from a remote location or device by
the system controller 212. The bus 606 may be any de-
vice capable of transferring data between components
of the system controller 212. The bus 606 can include
one device or multiple devices.
[0082] Instructions can be stored in memory 604 as
executable code. The instructions can include processor-
specific instructions generated by a compiler and/or an
interpreter from code written in any suitable computer-
programming language, such as C, C++, C#, Visual Ba-
sic, Java, Python, Perl, JavaScript, and ActionScript.
[0083] The instructions can include a schematic gen-
eration engine 610. The processor 602 can execute the
schematic generation engine 610 to cause the system
controller 212 to generate a network schematic for the
telecommunication system 10, as explained in more de-
tail below with respect to Figure 8. The system controller
212 can receive inputs through input/output ("I/O") inter-
face 608 and store the inputs in memory 604. A non-
limiting example of such inputs is a user-defined network
schematic identifying the desired components and signal
paths of the telecommunication system 10. The sche-
matic generation engine 610 can also generate outputs,
such as (but not limited to) the network schematic. The
outputs can be provided to a display device (not pictured)
via the I/O interface 608.
[0084] This exemplary system configuration is provid-
ed to illustrate configurations of certain aspects. Other

configurations may of course be utilized.
[0085] Figure 8 depicts a flow chart illustrating a proc-
ess 700 for generating a schematic diagram of a DAS
using an identification signal provided by a base station
router 112. The process 700 is described with reference
to the telecommunication system 10 depicted in Figure
2, the system implementation of the configuration sub-
system 13 depicted in Figures 3 and 4 and the system
implementation of the system controller 212 depicted in
Figure 7. Other implementations and processes, howev-
er, are possible.
[0086] In block 710, the configuration sub-system 13
provides an identification signal to each signal path of
the telecommunication system 10. The system controller
212 can configure a signal identification module, such as
a signal identification module 216 of a base station router
112 or a signal identification module 305 of an optical
transceiver 118, to generate the identification signals. In
some aspects, the configuration sub-system 13 can pro-
vide an identification signal to each downlink path. In oth-
er aspects, the configuration sub-system 13 can provide
an identification signal to each uplink path. In other as-
pects, the configuration sub-system 13 can provide iden-
tification signals to a combination of uplink paths and
downlink paths. Each identification signal can identify a
device from which the identification signal originated. For
example, an identification signal provided to a downlink
path can identify base station router 112 from which the
identification signal originated. In some aspects, the base
station router 112 can generate the identification signal
and combine the identification signal with a downlink sig-
nal from a base station. The processor 208 can select a
frequency for the identification signal. The identification
signal can be a tone having a low frequency, such as 1
-5 kHz. In other aspects, the base station router 112 can
combine the identification signal with a test signal from
test signal generator 206.
[0087] In block 720, the configuration sub-system 13
receives a report from each component in the downlink
path indicating receipt of the identification signal. At an
optical transceiver 118, the processor 304 can decode
the identification signal and communicate receipt of the
identification signal to the system controller 212 via the
controller interface 306. At a remote antenna unit 120,
the processor 310 can decode the identification signal
and communicate receipt of the identification signal to
the system controller 212 via the controller interface 312.
The optical transceiver 118 and the remote antenna unit
120 can also communicate a hardware identifier identi-
fying the specific optical transceiver or remote antenna
unit and a time stamp identifying when the identification
signal was received. The processor 602 of the system
controller 212 can receive data from each component via
the I/O interface 608, such as (but not limited to) a report
of receiving the identification signal, a hardware identifier
identifying a component, and/or the time stamp identify-
ing when the identification signal was received.
[0088] In additional or alternative aspects, the identifi-
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cation signal may cease traversing a signal path at mas-
ter side input to an optical transceiver. Detailed informa-
tion on components and a list of remote antenna units
can be stored and/or collected by a processor 310 of
each remote antenna unit 120. The processor 310 of
each remote antenna unit 120 can report the information
on the components and the list of remote antenna units
to the system controller 212 via the controller interface
312.
[0089] In block 730, the configuration sub-system 13
generates a network schematic based on the reports
from each component identifying all components of the
downlink path and the connections between the respec-
tive components. The processor 602 of the system con-
troller 212 can execute the schematic generation engine
610 to generate the network schematic. The schematic
generation engine 610 can determine, based on data re-
ceived via the I/O interface 608, which components re-
ceived the identification signal and the order in which the
identification signal was received by each component.
The schematic generation engine 610 can generate a list
of components mapping connections between compo-
nents and a network schematic visually depicting the
components the connections between the components.
[0090] In additional or alternative aspects, the config-
uration sub-system 13 can use the generated network
schematic to identify faults in the telecommunication sys-
tem 10. In some aspects, the system controller 212 can
receive as input a user-defined network schematic iden-
tifying the desired components and signal paths of the
telecommunication system 10. For example, the user-
defined network schematic can be received via the I/O
interface 608 and stored to the memory 604. The system
controller 212 can compare the user-defined network
schematic to the network schematic generated in block
730. The system controller 212 can determine whether
the user-defined network schematic is identical to the
network schematic generated in block 730. The system
controller 212 can output an error message via the I/O
interface 608 identifying differences between the network
schematics. For example, the error message can be dis-
played at a graphical interface on a display device ac-
cessible via the I/O interface 608.
[0091] In additional or alternative aspects, the system
controller 212 can generate a cabling instructional inter-
face from a network schematic. The system controller
212 can output the cabling instructional interface via the
I/O interface 608. The cabling instructional interface can
include step-by-step instructions for installing cables be-
tween devices in the DAS or other telecommunication
system.
[0092] In some aspects, generating the network sche-
matic can include associating each component in a signal
path with a particular identification signal. The identifica-
tion signal and its associated components can be corre-
lated with a specific operator, frequency band, technol-
ogy, sector, and coverage area. The system controller
212 can use the correlation to distribute relevant alarms

to a specific operator. The system controller 212 can also
use the correlation to indicate affected services and cov-
erage area caused by an alarm. The system controller
can 212 also use the correlation to reconfigure remote
antenna units surrounding an affected coverage area to
mitigate the loss of service identified by the alarm.
[0093] In additional or alternative aspects, the sector
matrix 114 and/or the zone combiners 116a, 116b can
include automated switching functions. Including auto-
mated switching functions can allow for effective reuse
of available base stations 12a-n. Automated switching
can be performed based on external triggers received
via an input/output (7O") interface, a schedule, an alarm
conditions detected for the telecommunication system
10 (e.g., a base station power has ceased), and the like.
Multiple configurations for the telecommunication system
10 can be stored on the memory 604. The system con-
troller 212 can configure the telecommunication system
based on the triggers. For example, a first configuration
can be used for providing signal coverage from base sta-
tions 12a-n to an office during working hours. A second
configuration can be used for providing signal coverage
from base stations 12an to public venues during non-
working hours. PIM testing
[0094] The configuration sub-system 13 can measure
passive intermodulation ("PIM") products in the telecom-
munication system 10. In some aspects, the test signal
generator 206 can provide two test signals to the down-
link path 14. In other aspects, the test signal generator
314 can provide two test signals to the uplink path 16. In
some aspects, a test signal generator in a base station
router 112 can provide two test signals to the downlink
path 14. The frequencies of the test signals can be se-
lected such that the mixing of the signals generates one
or more PIM products at frequencies in the uplink fre-
quency bands. In other aspects, the test signal genera-
tors from each of two base station routers can provide a
test signal to the downlink path 14 to simulate different
combinations of PIM products at frequencies in different
frequency bands. The power measurement devices 214,
302, 308 can detect and measure the power of PIM prod-
ucts generated in either the downlink path 14 or the uplink
path 16.
[0095] In additional or alternative aspects, an addition-
al device to the optical transceivers 118a-d, such as a
digital signal generator and measurement receiver 330,
can provide the two test signals to the downlink path 14
and/or the uplink path 16 at the inputs of one or more of
the optical transceivers 118a-d. The digital signal meas-
urement receiver can include a continuous wave gener-
ator, a demodulation function, and a decoding function.

Minimizing Signal Coverage Overlap between Sectors

[0096] The configuration sub-system 13 can minimize
the overlap in signal coverage (i.e., the "soft handover
area") between sectors in a coverage zone. The test sig-
nal generator 314 can transmit, via a non-directional
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probe (not shown) in each remote antenna unit 120, a
test signal at a test frequency which is unused or which
is outside the frequency band used to transmit other sig-
nals in the coverage area. The overlap in signal coverage
between adjacent remote antenna units can be deter-
mined by measuring the received signal strength of the
test signal at adjacent remote antenna units. The re-
ceived signal strength can be measured at each remote
antenna unit 120 using the power measurement device
308, via a non-directional probe (not shown). The system
controller 212 can receive the power measurements from
the remote antenna units and configure the remote an-
tenna units to adjust their respective output powers
based on an algorithm to minimize the overlap in signal
coverage. In some aspects, signal coverage overlap can
be minimized by manually aligning coverage antennas.
The coverage antennas can be aligned based on power
measurements from the power measurement devices of
the configuration sub-system 13. In other aspects, signal
coverage overlap can be minimized by automatically
aligning active coverage antennas, such as smart
beamwidth antennas or motorized antennas.
[0097] The foregoing description, including illustrated
examples, of the invention has been presented only for
the purpose of illustration and description and is not in-
tended to be exhaustive or to limit the invention to the
precise forms disclosed. Numerous modifications, adap-
tations, and uses thereof will be apparent to those skilled
in the art without departing from the scope of this inven-
tion. Aspects and features from each example disclosed
can be combined with any other example.

Claims

1. A configuration sub-system (13) comprising:

an input communicatively coupleable to a base
station (12);
a test signal generator (206) integrated into the
configuration sub-system (13), wherein the con-
figuration sub-system (13) is configurable be-
tween a first mode and a second mode, wherein
in the first mode the configuration sub-system
(13) is configured to provide a test signal gen-
erated by the test signal generator (206) to a
downlink path (14), wherein in the second mode
the configuration sub-system (13) is configured
to provide an RF downlink signal that is received
via the input from the base station (12) to the
downlink path (13) and deactivate the test signal
generator (206), wherein the configuration sub-
system (13) is configured to provide the RF
downlink signal to the downlink path (14) only in
the second mode;
a power measurement device (214, 302, 308)
integrated into the configuration sub-system
(13), the power measurement device being con-

figured to:

measure a test signal power of the test sig-
nal at a measurement point in the downlink
path, and
measure a downlink signal power of the RF
downlink signal at the measurement point;
and

a controller (212) configured to normalize sig-
nals transmitted using a distributed antenna sys-
tem via the configuration sub-system (13) by ad-
justing a downlink path gain for the downlink
path (14) based on the test signal power meas-
ured by the power measurement device (214,
302, 308), wherein the distributed antenna sys-
tem is configured to transmit the RF downlink
signal using the downlink path gain as adjusted
by the controller (212).

2. The configuration sub-system (13) of claim 1, further
comprising an additional power measurement de-
vice (214, 302, 308) integrated into the configuration
sub-system (13), the additional power measurement
device (214, 302, 308) being configured to measure
an additional test signal power of the test signal at
an additional measurement point in the downlink
path (14) traversed by the test signal, wherein the
controller (212) is configured to normalize downlink
signals for the distributed antenna system by:

determining a signal power loss or drop in the
downlink path (14) based on a first power meas-
urement received from the power measurement
device (214, 302, 308) and a second power
measurement received from the additional pow-
er measurement device (214, 302, 308); and
compensating for the signal power loss or drop
in the downlink path (14) by adjusting the down-
link path gain of the downlink path (14) such that
downlink signals are transmitted using the dis-
tributed antenna system at a specified power
level.

3. The configuration sub-system (13) of claim 1, where-
in the controller (212) is further configured to normal-
ize uplink signals transmitted via an uplink path (16)
by:

determining a noise level at the measurement
point; and
adjusting an uplink path gain of the uplink path
(16) such that noise included in an uplink signal
traversing the uplink path is prevented from cor-
rupting the uplink signal.

4. The configuration sub-system (13) of claim 3, where-
in the uplink path (16) comprises a signal path from
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a remote antenna unit (120) of the distributed anten-
na system that includes at least a portion of the con-
figuration sub-system (13), wherein the controller
(212) is further configured to normalize the uplink
path gain using a specified noise level for providing
the uplink signals to the base station (12).

5. The configuration sub-system (13) of claim 1,
wherein the test signal generator (206) is further con-
figured to provide an additional test signal to the
downlink path (14);
wherein the controller (212) is further configured to
select respective frequencies of the test signal and
the additional test signal such that mixing the test
signal and the additional test signal generates an
intermodulation product having a frequency in an up-
link frequency band, wherein the uplink frequency
band comprises a plurality of frequencies of uplink
signals received by the distributed antenna system;
wherein the power measurement device (214, 302,
308) is further configured to measure a signal power
of the intermodulation product.

6. The configuration sub-system (13) of claim 1, where-
in the controller (212) is further configured to auto-
matically modify signal coverage provided by the
base station (12) based on at least one trigger,
wherein the at least one trigger comprises at least
one of an external trigger received by the controller
(212) via an input/output interface, a schedule, and
an alarm condition.

7. The configuration sub-system (13) of claim 1, further
comprising an additional test signal generator (314)
integrated into a remote antenna unit (120) of the
distributed antenna system, wherein the additional
test signal generator (120) is configured to provide
an additional test signal to an uplink path (16), where-
in the controller (212) is further configured to:

determine a downlink loss for the downlink path
(14) based on the test signal power measured
by the power measurement device (214, 302,
308); and
determine an uplink loss for the uplink path (16)
based on an additional test signal power meas-
ured by the power measurement device (214,
302, 308) for the additional test signal.

8. The configuration sub-system (13) of claim 1, further
comprising an identification signal module (216) con-
figured to provide an identification signal to a signal
path of the distributed antenna system,
wherein the identification signal identifies a device
from which the identification signal originated,
wherein the controller (212) is further configured to:

receive a respective report from each compo-

nent of a plurality of components in the signal
path indicating receipt of the identification sig-
nal; and
identify each component of the signal path re-
porting receipt of the identification signal.

9. The configuration sub-system (13) of claim 8, where-
in the controller (212) is configured to generate at
least one of a network schematic and a net-list in-
cluding each component of the signal path and iden-
tifying connections between respective components
of the signal path based on the received reports.

10. The configuration sub-system (13) of claim 9, where-
in the controller (212) is further configured to:

provide an interface describing a process for
connecting components of the distributed anten-
na system, wherein the interface is generated
based on a network schematic or a net-list ac-
cessible by the controller;
responsive to a first component being connect-
ed to a second component, configure the iden-
tification signal module to provide the identifica-
tion signal to the signal path of the distributed
antenna system;
determine that a connection between the first
component and second component does not
correspond to the network schematic or the net-
list accessible by the controller; and
based on determining that the connection be-
tween the first component and second compo-
nent does not correspond to the network sche-
matic or the net-list, generate at least one alarm
identifying a connection error.

11. The configuration sub-system (13) of claim 9, where-
in the controller (212) is further configured to:

access a network schematic or a net-list describ-
ing the distributed antenna system;
determine that the plurality of components of the
signal path are connected differently than de-
scribed in the network schematic or the net-list;
and
responsive to determining that the plurality of
components of the signal path are connected
differently than described in the network sche-
matic or the net-list, generate an alarm identify-
ing a connection error in the distributed antenna
system.

12. The configuration sub-system (13) of claim 1, where-
in the configuration sub-system (13) is at least par-
tially integrated into one or more of: a point of inter-
face of the distributed antenna system, an intelligent
point of interface of the distributed antenna system,
a base station router (112) of the distributed antenna
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system, a sector matrix (114) of the distributed an-
tenna system, a splitter/combiner of the distributed
antenna system having a variable attenuator, an op-
tical transceiver (118) of the distributed antenna sys-
tem, and a remote antenna unit (120) of the distrib-
uted antenna system.

13. A method comprising:

configuring a distributed antenna system to op-
erate in a first mode, wherein the first mode com-
prises providing, by a test signal generator (206)
integrated into a unit of the distributed antenna
system, a test signal to a downlink path (14) of
the distributed antenna system;
configuring the distributed antenna system to
operate in a second mode, wherein the second
mode comprises receiving an RF downlink sig-
nal from a base station (12) communicatively
coupled to the distributed antenna system and
providing the RF downlink signal to the downlink
path (14), wherein the RF downlink signal is only
provided to the downlink path (14) in the second
mode, wherein the second mode further com-
prises deactivating the test signal generator
(206);
measuring a test signal power of the test signal
at a measurement point in the downlink path and
a downlink signal power of the RF downlink sig-
nal at the measurement point; and
normalizing signals transmitted via the distribut-
ed antenna system by adjusting a downlink path
gain for the downlink path (14) based on the test
signal power, wherein the RF downlink signal is
transmitted via the distributed antenna system
using the adjusted downlink path gain.

14. The method of claim 13, further comprising:

providing an identification signal to a signal path
of the distributed antenna system, wherein the
identification signal identifies a device from
which the identification signal originated;
receiving a respective report from each compo-
nent of a plurality of components in the signal
path indicating receipt of the identification sig-
nal; and
identifying each component of the signal path
reporting receipt of the identification signal.

15. The method of claim 14, wherein providing the iden-
tification signal to the signal path comprises at least
one of:

combining the identification signal with an addi-
tional test signal generated by the test signal
generator; and
combining the identification signal with a down-

link signal received from the base station.

29 30 



EP 3 193 465 A2

18



EP 3 193 465 A2

19



EP 3 193 465 A2

20



EP 3 193 465 A2

21



EP 3 193 465 A2

22



EP 3 193 465 A2

23



EP 3 193 465 A2

24



EP 3 193 465 A2

25



EP 3 193 465 A2

26

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 61535060 A [0001]
• WO 2008088862 A1 [0005]
• KR 20020041516 A [0006]

• US 2003040329 A1 [0007]
• EP 1081883 A2 [0008]
• US 2011201269 A1 [0009]

Non-patent literature cited in the description

• T. MORTEN. Indoor Radio Planning: A Practical
Guide for GSM, DCS, UMTS, HSPA and LTE. John
Wiley & Sons, Ltd, 295-328 [0010]


	bibliography
	abstract
	description
	claims
	drawings
	cited references

